When the structure of reinforcement is in danger of chloride corrosion it is possible to prevent this disadvantageous phenomenon through exposing the cover to the influence of an electric field. The forces of an electric field considerably reduce chloride ions in pore liquid in concrete, which helps to rebuild a passive layer on the surface of the reinforcement and stops corrosion. The process of removing chlorides can be described with multi-component diffusion equations. However, an essential parameter of these equations, the diffusion coefficient, can be determined on the basis of an inverse task. Since the solution was achieved for one-dimension flow, the method applied can be confirmed by experimental results and the material parameters of the process can be determined theoretically. Some examples of numerical calculations of the effective electro-diffusion coefficient of chloride ions confirmed the usefulness of the theoretical solution for generalizing experimental results. Moreover, the calculation process of the numerical example provides some practical clues for future experimental research, which could be carried out in close connection with the theoretical solution.
Introduction
The durability of reinforced concrete structures decreases considerably when the reinforcement corrodes. The reinforcement is in danger of corrosion in structures located in an environment containing chloride ions or ions causing concrete carbonation. Chloride ions are particularly dangerous. These ions, present in antifreezes and seaside climate, cause considerable damage to elements of bridges, viaducts, tunnels, multi-floor garages and waterfront structures. The saturation of cover concrete with chloride ions results in steel de-passivation, which starts the corrosion process in the reinforcement. Chloride ions can be removed from concrete with an external electric field, which slows down the corrosion process and allows concrete to regain its protective properties. [1] [2] [3] [4] [5] [6] [7] [8] . Laboratory research on the electrochemical extraction of chloride ions and the re-alkalization process related to it started in 1973, and in 1987 this method was first used to repair an engineering object. A theoretical analysis of the process is presented in article [6] . It is based on Fick's classical diffusion equations and the Nernst-Planck equations for liquids.
This paper presents an attempt to determine a model of electrochemical chloride extraction based on the theory of a multicomponent body, which precisely explains the porous-capillary structure of concrete with pore liquid and ions present in it. The task has been simplified to three basic components of the process: free chlorides, bound chlorides and ions produced during the decomposition of bound chlorides. A flow equation with a structure similar to a classical diffusion equation was obtained from partial equations of the mass and electric charge balance. This equation was used to formulate an inverse task, which made it possible to analytically determine the diffusion coefficient. The theoretical solution and experimental research results [4] were used to calculate the value of this coefficient for experimental purposes. The calculations were used to analyse the influence of averaged-in-time differences in chloride ion concentrations on the edges of the layer modelling the cover and the influence of the unsteadiness of the process and mass sources was simulated.
Electro-diffusion equations of the chloride extraction process
As has been mentioned before the possibility of electro-chemical concrete desalination has been tested in practice. A scheme of electro-chemical extraction is presented in Fig.1a . A concrete surface polluted with chlorides is covered with electrolyte with a metal net in it. The net is connected to the positive pole of a direct current source, and the reinforcement of the reinforced concrete element to the negative pole of the same source. The forces of the electric field make ions in the liquid present in the concrete to move. 
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The model analysed boils down to a three-component body including components undergoing considerable changes during extraction -so called free chlorides, bound chlorides and products of the decomposition of bound chlorides. A diagram of a body modelling representative elementary volume (REV) X theoretically separated from the cover polluted with chlorides is presented in Fig.1b . This particle consists of: component 1 -chloride ions with a mass density of ρ 1 , component 2 -bound chloride with a mass density of ρ 2 , component 3 -calcium ions with a mass density of ρ 3 . The other components, including the pore liquid, the congealed cement grout and the aggregate, are considered to be the skeleton (component 0) with a dominant mass density of ρ 0 . The electric field causes a partial decomposition of bound chlorides (component 2) and makes the chloride ions (component 1) and the calcium ions (component 3) move through the pore solution in the concrete. Components 1 and 3 move in the pore system at the speeds of υ 1 and υ 3 . These speeds are distributed onto the speeds of the mass centre weight and mass w and the diffusion speeds u 1 and u 3 - Fig.1c . Component 2 deposited on the pore walls (in the skeleton) is stationary. As a result of ion migration the transfer of mass and electrical charge takes place. The skeleton, which has a very large mass in comparison to the other components, is stationary and serves as a reference system for these transfers. The transfers of ions, considered to be one-directional, are described by a system of differential equations obtained in accordance with partial equations of the mass balance
Partial balances Eqs (2.1), (2.2), (2.3) when summed up lead to the principle of mass conservation
Conditions for ion generation are described by the inequalities
Electric charge is transferred together with the ions, which is described by the partial balances   div , and , 
Including the density of particular charges , , ,
The above dependences are reduced to the equations
These equations are complemented with physical equations describing ion flows grad , grad , , .
Then, the concentration of calcium ions C 3 is eliminated and the concentration of these ions is expressed with the concentration of chloride ions
, grad grad grad .
Equations (2.11) and (2.12) are transformed to the final form of the equation of ion transport in a network of capillaries.
Equation (2.15) is used in the next stage to formulate the inverse task, which provides the estimation of an effective diffusion coefficient.
The determination of an effective diffusion coefficient based on the inverse task
Research on the coefficient of chloride diffusion in concrete usually consists in measuring the mass flow in stationary conditions (in so called diffusion chambers). Moreover, the diffusion coefficient is calculated by equating the particular integral of the diffusion equation to experimentally determined distributions of chloride density -Cf. [9] . Both abovementioned methods are based on Fick's equations of one-body diffusion. While consistently describing the process of chloride extraction with equations of multibody diffusion, an attempt was made to determine an effective diffusion coefficient on the basis of an inverse task. The solution involved a method prepared for calculating the thermal resistance of a wall and analysing measurement errors [10, 11] as well as determining the diffusion coefficient of water vapour in capillary materials, including sorption on the pore walls [12] . A diagram of flows which will be used for formulating the inverse task of the diffusion equation during chloride extraction is presented in Fig.2 . The diffusion resistance x Q of the concrete layer with a thickness of x is taken into account, as well as the diffusion resistance Q of the whole cover    
, .
Both sides of the flow Eq.(2.15) are multiplied by the quotient x Q Q and integrated twice (along the thickness of the cover and in time). In this way the correlation is obtained
After integrating and introducing average values the expression is obtained -Cf. [10, 12]  
Estimation of the value of the electro-diffusion coefficient in the process of chloride extraction
An attempt to determine the value of an effective electro-diffusion coefficient of chloride ions D ef was made using research results [4] . During this research cylindrical samples of cement grout were used (w/c =0.45), containing an admixture of NaCl with a chloride concentration of 1% in relation to the cement mass. The extraction took place in the migration chambers shown in Fig.4a . The bases of the sample touched the two chambers filled with a water solution of NaOH in which the electrodes were submerged. The strength of the electric current was I = 40 mA, and the duration of the process of chloride extraction was varied and ranged from 145 hours (6 days) to 600 hours (25 days). After the extraction the samples were cut parallel to the base into four discs, then the concentration of total chloride was determined in each disc. The division of the sample into discs is shown in Fig.4b . The coordinates of the rims of the discs and the edges of the three modelled layers are shown on the number line. The chloride mass density in particular discs ρ Cl , was determined from the concentration values C Cl presented in paper [4] , assuming the cement mass m c = 1800g/dm 3 .
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Moreover, it was assumed that in the pore liquid there were calcium ions with an average mass of ρ Ca = 240g/dm 3 . The mass density of the body was approximated with the dependence
The concentration of chloride ions was determined with the formula
The mass densities of the components of the body and concentrations C 1 that were calculated are presented in Tab.1. Figure 5 presents the diagrams of changes in the density of chloride mass which were used to determine the mass Δm Cl of chloride removed from particular discs. The points on the diagram correspond to the average mass density ρ Cl determined in particular discs. It was assumed that the abovementioned points were situated in the middle of the thickness of the layers, and the change in mass density ρ Cl is linear between these points. The area restricted with the constant diagram of mass thickness at the time t 0 and the diagrams of mass density ρ Cl at the times t 1 , t 2 , t 3 and t 4 are determined by the chloride removed from the grout during the extraction.
The numerical values of the effective coefficient of ion diffusion D ef were calculated from dependence (3.3) after determining the average mass flow of these ions according to the formula   
The results are shown in Tab.2 and Fig.6 . The averaged values of the mass flow of chloride ions determined in subsequent time intervals showed that the extraction process had been non-specific in character throughout the whole cycle of the experiment [4] . After the experiment there was still 30% of the initial chloride mass in the grout structure. The relatively large remainder of bound chloride indicates that it can be decomposed if the experiment is continued and that the process will go on in the non-stationary phase.
The experimentally determined difference between edge concentrations [4] was within the range . . 
Conclusions
The extraction of chloride ions from the concrete of reinforced concrete structures whose reinforcement is in danger of corrosion makes it possible to improve the durability of objects of road infrastructure. Although this modern method of protecting reinforced concrete structures against corrosion has been used for nearly thirty years, parameters of the process determining the efficiency of this method are chosen intuitively. The parameters of particular importance include: the density of electric current, the difference of potentials between reinforcing bars and the external electrode, the concentration of free chlorides and bound chlorides and the duration of the process. The influence of these factors on the extraction of chlorides from concrete can be determined through a theoretical analysis, including data from experimental tests. This paper presents a proposition for such an analysis, carried out on the basis of the multi-body theory. The use of the theory of multi-body diffusion for describing the process of chloride extraction has provided a model which precisely represents the complex phenomenon taking place in the concrete pore liquid under the influence of an electric field. A body consisting of just three basic components: chloride ions, bound chloride and calcium ions was used, then a flow equation was introduced, similar in form to the classic diffusion equation. This equation made it possible to determine the electrodiffusion coefficient of chloride ions through the solution of an inverse task. Calculations of the numerical values of the effective electro-diffusion coefficient, including the chloride mass density determined on the basis of the published experimental data indicate that the flow in the extraction process is unspecified in character. Values of the chloride electro-diffusion coefficient were variable over time, which indicates that bound chlorides were also removed from the concrete structure as the amount of free chlorides in the pore liquid decreased. Reliable numerical values of the electro-diffusion coefficient will then be used in the initial boundary value tasks of the equation of the flow of chlorides during their extraction from concrete. It will be possible to determine optimum process parameters on the basis of these equations. 
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